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(54) Process for coating stents 

(57) A process is provided for coating stents having 
a first and second surface with passages there between 
to avoid blockage and bridging of the passages. The 
process comprises contacting the stent with a liquid 
coating solution containing a film forming biocompatible 



polymer under conditions suitable to allow the film form- 
ing biocompatible polymer to coat at least one surface 
of the stent while maintaining a fluid flow through said 
passages sufficient prevent the film forming biocompat- 
ible polymer from substantially blocking said passages. 
Also described are stents coated by this process. 
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Description 

Field of tho invention 

5 [00011 Th.s application claims benefit from U.S. Provisional Application No. 60/91,217 filed June 30, 1998, which is 
hereby ncorporaied by reference herein. The invention relates generally to a process for coating surgical devices. 
More specifically this invention relates to an improved process for coating stents and the like. 

Backgrrund o' the Invention 

w 

(0002J 5 ,en,s which are generally open tubular structures, have become increasingly important in medical proce- 
dures tc restore ihe function of body lumens. Stents are now commonly used in translumenial procedures such as 
angiopUst> to restore an adequate blood flow to the heart. However, stents may stimulate foreign body reactions that 
result m thr omoosis or restenosis. To avoid these complications a variety of stent coatings and compositions have been 
is proposed «n the literature both to reduce the incidence of these complications or other complications and restore tissue 
lunclon by it son or by delivering therapeutic compound to the lumen. 

[00031 stems generally are coated by simple dip or spray coating of the stent with polymer or polymer and a phar- 
maceutist therapeutic agent or drug. These methods are acceptable for early stent designs that were of open con- 
struction Moneyed irom wires (Wiktor stent ) or from ribbons (Gianturco). Dip coating with relatively low coating weights 

20 (about 4°o polymer) could successlully coat such stents without any problems such as excess coating bridging (i.e. 
forming a liDn across) the open space between structural members of the device. This bridging is of particular concern 
when coating rmrc modern stents that are of less open construction, such as the Palmaz-Schatz, Crown, Multilink or 
GFX stents bridging of the open space (slots) is undesirable because it can interfere with the mechanical performance 
of the stent such as expansion during deployment in a vessel lumen. Bridges may rupture upon expansion and provide 

25 sites that activate platelet deposition by creating flow disturbances in the adjacent hemodynamic environment or pieces 
of the bridging Mm may break off and cause further complications. Bridging of the open slots may also prevent en- 
dothelial cell migration complicating the endothelial celt encapsulation o1 the stent. 

[0004] Similarly, spray coating can be problematic in that there is a significant amount of spray lost during the process 
and many of the pharmaceutical agents that one would like to incorporate in the device are quite costly. In addition, in 

30 some cases H would be desirable to provide coated stents with high levels of coating and drug High concentration 
coatings (-15% polymer with additional drug) are the preferred means to achieve high drug loading. Multiple dip-coating 
has been described in the literature as a means to build thicker coatings on the stent. However, composition and phase 
dispersion of the pharmaceutical agents affect sustained release. In addition, the application of multiple dip coats from 
low concentration solutions often has the effect of reaching a limiting loading level as an equilibrium is reached between 

35 the solution concentration and the amount of coating, with or without pharmaceutical agent, deposited on the stent. - 

Summary of the Invention 

[0005] We have discovered a process for coating stents that avoids bridging and allows for preferential coating of 
40 stent surfaces. The process comprises contacting a stent having a first and second surface with passages there be- 
tween with a liquid coating solution containing a film forming biocompatible polymer under conditions suitable to allow 
the film forming biocompatible polymer to coat at least one surface of the stent while maintaining a fluid flow through 
said passages sufficient to prevent the film forming biocompatible polymer from substantially blocking said passages. 
[0006] In a preferred embodiment of the present invention the coating process would comprise placing a tubular 
45 stent having a first and second surface with passages there between on a mandrel and contacting the stent and mandrel 
with a liquid coating solution containing a film forming biocompatible polymer under conditions suitable to allow the 
film forming biocompatible polymer to coat at least one surface of the stent while moving the stent relative to the mandrel 
to cause fluid flow through said passages sufficient to prevent the film forming biocompatible polymer from substantially 
blocking said passages. 

so [0007] In another embodiment of the present invention there is provided a coated stent, comprising a tubular stent 
having a first and second surface with passages there between, coated with a film-forming biocompatible polymer 
wherein the polymer coating is greater than 0.5 percent by weight of the coated stent and the passages are not sub- 
stantially blocked by the bridging of the polymer coating. 

55 Brief Description of the Figures 

[0008] Figure 1 illustrates a perspective view of a stent prior to coating. 

[0009] Figure 2 is a perspective view that illustrates the placement of a stent on a mandrel prior to coating. 
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[0010] Figure 3 illustrates the movement of the stent relative to the mandrel in the after removal from the coating 
bath during the coating process. 

[001 1] Figure 4 is an enlarged view of a portion of the coated stent that illustrates the substantial absence of bridginq 
of the stent slots or passages. 

[001 2] Figure 5 is a pictomicrograph that illustrates a stent that has been coated by conventional dip coating process 
with about a 4 weight percent coating solution. 

[001 31 Figure 6 is a pictomicrograph that illustrate a stent that has been coated by the inventive coating process with 
about a 1 3 weight percent coating solution. 

[0014] Figure 7 is a graphical illustration of the in vitro release profile of a coated stent. 
[001 5J Figure 8 is a graphical illustration ot the in vivo release profile of a coated stent. 

Dcih loc Description 

[00161 The present invention provides a process for coating medical devices. The process described herein is well 
sutco to coating medical devices that have passages that may otherwise be blocked or have bridges formed by con- 
i*ni.>vi dip coating. As previously discussed avoiding the formation of bridges is especially important in the coating 
oi performed structures such as stents. Bridging is a significant problem with stents with passages with a minor dimen- 
s.on css tnan about 1 25 mils, especially with passages having a minor dimension smaller than about 50 mils 
[00 1 7] stents are generally cylindrical and perforated with passages that are slots, ovoid, circular or the like shape 
Stents nviy also be composed ol helically wound or serpentine wire structures in which the spaces between the wires 
lam the passages. Stents may be flat perforated structures that are subsequently rolled to form tubular structures or 
cyhndncal structures that are woven, wrapped, drilled, etched or cut to form passages. Examples of stents that may 
be advantageously coated by the present process include but are not limited stents described in the following U S 
Patent Nos 4.733,665 (hereinafter the Palmaz stent which is illustrated in Figure 1 ); 4,800,882 (hereinafter the Gian- 
lurco stent, 4.8£6,062 (hereinafter the Wiktor stent) and 5,514,154 (hereinafter the Guidant RX Multilink™ stent) 
Those stents can be made of biocompatible materials including biostable and bioabsorbable materials Suitable bio- 
compHioic metals include, but are not limited to, stainless steel, tantalum, titanium alloys (including nitinol), and cobalt 
aloys («nclud«ng cobalt-chromium-nickel alloys). Suitable nonmetailic biocompatible materials include, but are not lim- 
ited to noh/amides, polyolefins (i.e. polypropylene, polyethylene etc.), nonabsorbable polyesters (i.e polyethylene 
tcrephthalate). and bioabsorbable aliphatic polyesters (i.e. homopolymers and copolymers of lactic acid, glycolic acid 
lactce giycohde, para-dioxanone, trimethylene carbonate, e-caprolactone, etc. and blends thereof) 
[0018] The present invention utilizes fluid flow or movement through the passages in the perforated medical device 
toa void the formation of blockages or bridges. The fluid flow can be provided by active flow systems such as a perforated 
mangold .nsened in the stent to circulate the coating fluid through the passages or can be created by placing the stent 
on a mandrel or in a small tube that is moved relative to the stent during the coating process to create sufficient fluid 
flow through the passages and thereby avoid the formation of blockages or bridges. 

[0019J In one embodiment of the present invention as illustrated in Figure 2, a stent 2 is placed over a mandrel 6 
that is smaller than the inner diameter d of the stent's intraluminal passage way 1 2 and dipped into the coating solution 
The coaled stent ts moved relative to the mandrel after it is removed from the coating solution (preferably in one 
direction) Figure 3 illustrates the movement of the stent 2 relative to the mandrel 6 after it is removed from bath The 
relative outer diameter of the mandrel and inner diameter of the stent are such that after dipping, while the coating is 
st.ll wet. the movement of the stent along the mandrel's length clears the passages (slots) 10 which remain so on 
drying The relative motion of the stent and mandrel, with limited clearance between the stent and mandrel generates 
high shear rates which break the surface tension associated with the coating film filling the slots and provides smooth 
delect tree coating on the stent. Preferably the stent will be moved to an area of the mandrel that has not contacted 
the coating solution. As is illustrated in Figure 3 that provides a perspective view of the stent 2 after being coated with 
coating 14. There are additional advantages: the coatings can be of high concentration and by proper choice of the 
mandrel d.ameler to stent diameter (the clearance), the relative thickness of the inner and outer coating of the stent 
can be controlled. For example, the stent coating can be thicker on the outer surface to contact the luminal wall or 
thicker on the interior surface to interact with the fluid stream. 

[0020] The mandrel may be of varying designs (i.e. tapered cones, cylindrical, slotted cylinders, mandrels having 
cross-sections that are ovoid, triangular or polygonal and would include shafts with veins or paddles) Additionally, the 
movement of the mandrel relative to the stent may not only be laterally, but may also consist of rotational movement 
Object of the mandrel design being to assure sufficient shear flow relative to the passages to insure that the passages 
do not be come blocked. 3 
[0021] Film-forming polymers that can be used for coatings in this application can be absorbable or nonabsorbable 
and must be biocompatible to minimize irritation to the vessel wall. The polymer may be either biostable or bioabsorb- 
able depending on the desired rate of release or the desired degree of polymer stability, but a bioabsorbable polymer 
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is preferred since, unlike btostable polymer, it will not be present long after implantation to cause any 
loL response. Furthermore, bioabsorbable polymers do no. present the risk that over extended pencds of tm. there 
could be an adhesion loss between the stent and coating caused by the stresses of the botogical env,ronment that 
could dislodge the coating and introduce further problems even after the stent is encapsulated 
[0022] SuLble film-forming bioabsorbable polymers that could be used include pofymers se ecte he group 
onsisting cf aliphatic polyesters, poly(amino acids), copofyfether-esters), pofyalkylenes oxalates ^^mides po^ 
(iminocamonates), polyorthoesters, polyoxaesters, pofyamidoesters, pofyoxaesters contains am ^ups^(an- 
hydrides), polyphosphazenes, biomolecules and blends thereof. For the purpose of this ' me ^f^^^ 
include homopolymers and copolymers of lactide (which includes lactic acid d-,l- and meso lachde). e-cap olactone 
b olide (Eluding glycolic acU). hydroxybutyrate, hydroxyvalerate, P^^^* 1 -^**^^ 
alkyl derivatives). T,4dioxepan-2^ne, 1 ,5-dioxe P an-2-one, 6,6-dimethyl-1 .4-d»xan-2-one ^rZT^n^ 
of. Poly<iminocarbonate)forthepurpose of this invention include ^ described by Kemnrtzer and Kohn.Mhet|gb^ 
nfRiodeoradable Polymers, edfted by Domb, Kost and Wisemen, Hardwood Academ.c P ressJ997 , ^251-272 
Cooofvfether-esters) or the purpose of this invention include those copolyester-ethers described in Journal of Bioma 
SSesearch 2 22 pages 993-1009, 1988 by Cohn and Younes and Cohn, Pofymer Preprints (ACS Division of 

rncKpatenTNcI.4,2^ 

herein) Polyphosphazenes, co-, ter- and higher order mixed monomer based polymers made from L-lactide. D.L- 
Se lacS, glycolide glycolic acid. para<lioxanone, trime.hylene carbonate and e-caprolactone such as are 
SX ^ock^Jhg of Polvmer Science, Vol. 13. pages 31-41. Wiley 'mergences, John W ley 

Sons 1 988 and by Vandorpe. Schacht, DejardinandLemmouchi in theHRnrth^kof Biodegradable Polymers, edted 
by Domb Kost and Wisemen, Hardwood Academte Press, 1997. pages 161-182 (whi* are herel y ^corpo at ed by 
rcfereTce herein). Pofyanhydrides from dacids of the form HOOC-C 6 H 4 -0-(CH 2 ) m -0-CeH 4 -CCX.H where , m is an in- 
tegeMn the range of horn 2 to 8 and copolymers thereof with aliphatic alphaomega d.acds of up to 12 cartons^ 
PolyoxaesterspoW^^^ 

of the following U.S. Patent Nos. 5.464.929; 5.595,751; 5,597,579; 5,607.687; 5,618,552 5,620.698. 5,645 850 
5 64^ 088 5.698,2 - and 5,700,583; (which are incorporated herein by reference). Polyorthoesters such as those 
^XabyHe.ler.n Ha^^ Kos. and Wisemen, H-rdwc^^m.c 

Press 1997 pages 99-118 (hereby incorporated herein by reference). Film-forming polymenc biomolecules for the 

Xoseo f , h « • 
or are hydrolyticalty unstable in the human body such as fibrin, fibrinogen, collagen, elastin, and absorbable b.ocom- 

K Suitable film-forming biostable pofymers with relatively low chronic tissue response, such MH*m 
sifcones poly(meth)acrylates. polyesters, polyalkyl oxides (polyethylene oxide), polyvinyl alcohols polyethylene gly- 
cSdpSnytpirolnea^^ 

testers could also be used Other polymers could also be used if they can be dissolved, cured or potymenzed on 
meth^ 

as polyvinyl methyl eZ; polyvinylidene halides such as polyviny.idene fluoride and Po^nyl-dene ch 
tonrtrile, polyvinyl ketones; polyvinyl aromatics such as polystyrene; polyvinyl esters such as polyy.nyl 
ymers of vinjmonomers with each other and olefins, suchasetheylene- methyl ^^^^^^ 
Lrene copolymers, ABS resins and ethylene-vinyl acetate copolymers; potyamides.such as Nylon 66a"d poVcapro- 
Z tam alkyd reshs; polycarbonates, polyoxymethylenes; polyimides; poryethers; epoxy resms, polyurethanes. rayon. 
fayoTufacetate. cellulose, cellulose acetate, cellulose acetate butyrate; cellophane; cellulose nrtrate; ceHukxe propi- 
onate; cellulose ethers (i.e. carboxymethy, cellulose and hydoxyalky. ^^^^^OhZ 
mides for the purpose of this application would also include polyam.des of the form-NH-(CH^ n -CO- and NH (CH^ 
NH-CO SIS 5S wherein n is preferabfy an integer in from 6 to 1 3; x is an integer in the range of form 6 to 12, and 
y is an intege/in me range of from 4 to 16. The list provided above is illustrative but not lirT.lt.ng. 
[o0241 The polymers used for coatings must be film-forming polymers that have modular weight high enough as 
onot be waxy or tacky. The polymers also must adhere to the stent and not be so read.ly deformabte atod*x>Bfton 
^s^obe^ 

topVovide sufficient toughness so that the polymers will notto be rubbed off during handling or deployment of the sterrt 
and must no, crack during expansion of the stent. The melting point of the pofymer used ,n the present invention should 
have a mefting temperature above 40»C. preferably above about 4S°C, more preferably above 50-C and most prefer- 

fo^sT^P^rable coatngs to use for this applicatton are bioabsorbable elastomers, more preferably aliphatic 
Ster elastomers In the proper proportions aliphatic polyester copolymers areelastomers. Elastomers present the 
aoSge^ metal stents and can withstand significant deformatonwi^out cracking. 
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The high elongation and good adhesion provide superior performance to other polymer coatings when the coated stent 
is expanded. Examples of suitable bioabsorbable elastomers are described in U.S. Patent No 5,468 253 hereby in- 
corporated by reference. Preferably the bioabsorbable biocompatible elastomers based on aliphatic polyester including 
but not limited to those selected from the group consisting of elastomeric copolymers of e-caprolactone and glycolide 
(preferably having a mole ratio of e-caprolactone to glycolide of from about 35:65 to about 65:35, more preferably 45- 
55 to 35:65) elastomeric copolymers of E-caprolactone and lactide, including L-lactide, D-lactide blends thereof or 
lactic actd copolymers (preferably having a mole ratio of e-caprolactone to lactide of from about 35 65 to about 90" 10 
and more preferably from about 35:65 to about 65:35 and most preferably from about 45:55 to 30:70 or from about 90- 
1 0 to about 80:20) elastomeric copolymers of p-dioxanone (1 ,4-dioxan-2-one) and lactide including L-lactide, D-lactide 
and lactic acid (preferably having a mole ratio of p-dioxanone to lactide of from about 40:60 to about 6040) elastomeric 
copolymers of e-caprolactone and p-dioxanone (preferably having a mole ratio of e-caprolactone to p-dioxanone of 
from about 30:70 to about 70:30) elastomeric copolymers of p-dioxanone and trimethylene carbonate (preferably having 
a mole ratio of p-dioxanone to trimethylene carbonate of from about 30:70 to about 70:30), elastomeric copolymers of 
trimethylene carbonate and glycolide (preferably having a mole ratio of trimethylene carbonate to glycolide of from 
about 30:70 to about 70:30), elastomeric copolymer of trimethylene carbonate and lactide including L-lactide D-lactide 
blends thereof or lactic acid copolymers (preferably having a mole ratio of trimethylene carbonate to lactide of from 
about 30:70 to about 70:30) and blends thereof. As is well known in the art these aliphatic polyester copolymers have 
different hydrolysis rates, therefore, the choice of elastomer may in part be based on the requirements for the coatings 
adsorption. For example e-caprolactone-co-glycolide copolymer (45:55 mole percent, respectively) films lose 90% of 
their initial strength after 2 weeks in simulated physiological buffer whereas the e-caprolactone-co-lactide copolymers 
(40:60 mole percent, respectively) bses all of its strength between 12 and 16 weeks in the same buffer Mixtures of 
the fast hydrolyzing and slow hydrolyzing polymers can be used to adjust the time of strength retention. 
[0026] The preferred bioabsorbable elastomeric polymers should have an inherent viscosity of from about 1 0 dL/g 
to about 4 dLVg, preferably an inherent viscosity of from about 1 .0 dl7g to about 2 dUg and most preferably an inherent 
viscosrty of from about 1.2 dL/g to about 2 dL/g as determined at 25°C in a 0.1 gram per deciliter (g/dL) solution of 
polymer in hexafluoroisopropanol (HFIP). 

[0027] The solvent is chosen such that there is the proper balance of viscosity, deposition level of the polymer, 
solubility of the pharmaceutical agent, wetting of the stent and evaporation rate of the solvent to properly coat the 
stents. In the preferred embodiment, the solvent is chosen such the pharmaceutical agent and the polymer are both 
soluble in the solvent. In some cases, the solvent must be chosen such that the coating polymer is soluble in the solvent 
and such that pharmaceutical agent is dispersed in the polymer solution in the solvent. In that case the solvent chosen 
must be able to suspend small particles of the pharmaceutical agent without causing them to aggregate or agglomerate 
into collections of particles that would clog the slots of the stent when applied. Although the goal is to dry the solvent 
completely from the coating during processing, it is a great advantage for the solvent to be non-toxic, non-carcinogenic 
and environmentally benign. Mixed solvent systems can also be used to control viscosity and evaporation rates In all 
cases, the solvent must not react with or inactivate the pharmaceutical agent or react with the coating polymer Preferred 
solvents include by are not limited to: acetone, N-methylpyrrolidone (NMP), dimethyl sulfoxide (DMSO) toluene meth- 
ylene chloride, chloroform, 1 , 1 ,2-trichloroethane (TCE), various f reons, dioxane, ethyl acetate, tetrahydrof uran (THR 
dimethylformamide (DMF), and dimethylacetamide (DMAC). 

[0028] The film-forming biocompatible polymer coatings are generally applied to reduce local turbulence in blood 
flow through the stent, as well as, adverse tissue reactions. The coating may also be used to administer a pharmaceu- 
tically active material to the site of the stents placement. Generally, the amount of polymer coating to be placed on the 
stent will vaiy with the polymer and the stent design and the desired effect of the coating. As a guideline the amount 
of coating may range from about 0.5 to about 20 as a percent of the total weight of the stent after coating and preferably 
will range from about 1 to about 15 percent. The polymer coatings may be applied in one or more coating steps de- 
pending on the amount of polymer to be applied. Different polymers may also be used for different layers in the stent 
coating. In fact it is highly advantageous to use a dilute first coating solution as primer to promote adhesion of a 
subsequent coating layers that may contain pharmaceutical^ active materials. 

[0029] Additionally, a top coating can be applied to delay release of the pharmaceutical agent, or they could be used 
as the matrix for the delivery of a different pharmaceutical^ active material. The amount of top coatings on the stent 
may vary, but will generally be less than about 2000 u,g, preferably the amount of top coating will be in the range of 
about 10 ug to about 1700 u.g and most preferably in the range of from about 300 u.g to about 1600 ng Layering of 
coating of fast and slow hydrolyzing copolymers can be used to stage release of the drug or to control release of 
different agents placed in different layers. Polymer blends may also be used to control the release rate of different 
agents or to provide desirable balance of coating (i.e. elasticity, toughness etc.) and drug delivery characteristics (re- 
lease profile). Polymers with different solubilities in solvents can be used to build up different polymer layers that may 
be used to deliver different drugs or control the release profile of a drug. For example since e-caprolactone^co-lactide 
elastomers are soluble in ethyl acetate and e-caprolactone-co-glycolide elastomers are not soluble in ethyl acetate A 
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first laver of E^aprobctone-co-glycolide elastomer containing a drug can be over coated with e-caprolactone-co-gly- 
otd^ 

w h in a copoTymer. polymer structure or molecular weights may result in different so.ubilit.as For * 
clprolactone^o-glycolide at room temperature is soluble in acetone whereas a sim.lar moiecular we.ght copolymer erf 
S/65 " capfcTctone^glycolide is substantially insoluble within a 4 weight percent solution. The second coaUng ^ 
2 pie adSnal coatings) can be used as a top coating to delay the drug deliver of the druc . contained un Je r t 
laver Alternatively, the second layer could contain a different drug to prov.de for sequential drug de live* Muto pie 
aye so dfleren. drugs could be provded by alternating layers of first one polymer then .the other. Asw bor^ ^ 
appmcSted by those skilled in the a* numerous layering approaches can be used to P r^ 
IM301 The coatings can be used to deliver therapeutic and pharmaceutic agents such as, but not l.mited to ^anrip ro 
EL/anLitotic agents including natural products such as vinca alkaloids (I.e. vmblastme, vincristine and v.nore- 
Zc TaSSi epidipodophyllotoxins (i.e. etoposide, teniposide), antibiotics (dacfinomyc.n (act.nomyc.n D) dauno- 

ub c « * orubicin and idarub^in). anthracyclines, mitoxantrone, bteomyens. Q^Sm^ 
on en/vmes (L-asparaqinase which systemically metabolizes L-asparagine and deprives cells which donl have the 
c ITrsvles^eX own asparagine); antiproliferative/antimitotic alkylating agents such as nrtrogen mustards 

r^o^SSe^hihenSje and analogs, melphalan, chlorambucil,, ethylenimines and me,hy^elam,nes 
and thLpa). alky, sulfonates-busulfan, nirtosoureas (carmustine (BCNU) and analogs, strep- 

^o TyTmidine analogs (fluorouracil, tloxur^ 

SrCL, pemosLin and 2 -ch.orodeoxyadenosine { cladribine}) ; platinum coordination ^Plexe^(c.spl- 
rSIS procarbazine, hydroxyurea, mitotane, aminoglutethimide; hormones (i.e.estrogen); Antcoaglants 
Ji^SSSe heparin salts and other inhibitors of ^^^^^^^f^T^^ 
£X leptokinase and urokinase); an.iplatelet:(aspirin, dipyridamole, ticlopidine, clopidogre. 
oX an s^retory (breveldin); antiinflammatory: such as adrenocortbal steroids (Cortisol, cortisone, f *nco£an* 
mlm^rDrodnisolone 6a-mcthylprcdnisolone, tramcholone, betamethasone, and dexamethasone), non-stero.dal 

f ac^omethacin. sulindac, and etodatec). heteroaryl acetic acids (tolmetin, diclofenac, and 

f^oxicam phenylbutazone, and oxyphenthatrazone), nabumetone, gold compounds (auranofm, auroth.oglu- 
cole S^sSL thbLlate); immunosuppressive: (cydosporine, tacrolimus (FK-506). sirolimus rapamyc.n) aza- 
Zn- mylopheno^te moietil); Angiogenic: vascular endothelial growth factor (VEGF), fibroblast growth factor 
fFGF> nitric oxide donors: anti-sense olgio nucleotides and combinations thereof. • „^:„ n 

S Coa°ing may be formulated by mixing one or more therapeutic agents with the coat.ng polymers .n a coat ng 
E ^therapeutic agent may be present as a liquid, a finely divided solid, or any other appropriate physKsrf 
Tm Opuo^a ly the mixture may include one or more additives, e.g., nontoxic aux.hary substances such as drtuents, 
Larne°s S ^stabilizers or the like. Other suitable addrtives may be formulated with the polymer and pheone- 
reu 4.,y «Kve agent or compound. For example hyd^fcpo^^iec^fexnltep^^dee^^ 

(or a hydrophobic polymer may be added to a hydrophilic coafing to modrfy the release profile). One e ^P'«J ou " 
be aXThydrophiHc polymer selected from the group consisting of polyethylene ox,de, polyvinyl pyrrol, do™ pol- 
yethyTene 9 giycol, carboxjme.hyl cellulose, hydroxymethy. cellulose and combination mereof to an ahpha c fester 
Sng to nidify the refease profile. Appropriate relative amounts can be determined by montonng the .n vrtro and/ 

KtThlproS 

™aceut!c as a solid dispersion in a solutton of the polymer in solvent. Under the d-spers.cn condrt.ons, care must 
Ken to ensure that the particle size of the dispersed pharmaceutical powder, both the primary powder sze and «s 
aggtgTs andagglomera.es, is small enough not to cause an irregular coating surface or to clog the stotsrtthe stent 
fhat we need to keep coating-free. In cases where a dispersion is applied to the stent and we want to improve the 
smc^nesf o the S surface or ensure that all particles of the drug are fully encapsulated in the potymer, or ,n 
cohere we ma7wanl to slow the release rate of the drug, deposited ether from dispersion or so.ut.on, we can 
appK TcTearTpo^mer only) top coat of the same polymer used to provide sustained release of the drug or another 
pofymcMhat further restricts the diffusion of the drug out of the coating. The top coat can be applied by dip ccafing 
w^h mandrel a ^previously described or by spray coating (loss of coating during spray application is less problemaUc 
To ^ he c eaf,o%oa. sincere costly dmg is no. included)^ 

mo e so,ub.e in the coating solvent than the polymer and the dear coating redissotves prevrcusty deposrt drug. The 
spent in the dip bath may need to be limited so that the drug is not expected out ,n.o the drug-free bath. Dry-ng 
should be rapid so that the previously deposited drug does not completely diffuse ,nto the topcoat. 
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[0033] The amount of therapeutic agent will be dependent upon the particular drug employed and medical condition 
being treated. Ty pi cally. the amount of drug represents about 0.001% to about 70%. more typically about 0 001% to 
about 60%. most typically about 0.001% to about 45% by weight of the coating. 

[0034] The quantity and type of polymers employed in the coating layer containing the pharmaceutic agent will vary 
depending on the release profile desired and the amount of drug employed. The product may contain blends of the 
same or different polymers having different molecular weights to provide the desired release profile or consistency to 
a given formulation. 

[0035] Absorbable polymers upon contact with body fluids including blood or the like, undergoes gradual degradation 
(mainly through hydrolysis) with concomitant release of the dispersed drug for a sustained or extended period (as 
compared to the release from an isotonic saline solution). Nonabsorbable and absorbable polymers may release dis- 
persed drug by diffusion. This can result in prolonged delivery (over, say 1 to 2,000 hours, preferably 2 to 800 hours) 
of effect«ve amounts (say, 0.001 u.g/cm2-min to 100 ^g/cmZ-min) of the drug. The dosage can be tailored to the subject 
being treated, the severity of the affliction, the judgment of the prescribing physician, and the like 
[0036] Individual formulations of drugs and polymers may be tested in appropriate in vitro and in vivo models to 
achieve the desired drug release profiles. For example, a drug could be formulated with a polymer (or blend) coated 
on a stent and placed in an agitated or circulating fluid system (such as PBS 4% bovine albumin) Samples of the 
circulating fluid could be taken to determine the release profile (such as by HPLC). The release of a pharmaceutical 
compound from a stent coating into the interbr wall of a lumen could be modeled in appropriate porcine system The 
drug release profile could then be monitored by appropriate means such as, by taking samples at specific times and 
assaying the samples for drug concentration (using HPLC to detect drug concentration). Thrombus formation can be 
modeled in animal models using the 111 In-platelet imaging methods described by Hanson and Harker, Proc Natl 
Acad. Sc. USA 85:3184-3188 (1983). Following this or similar procedures, those skilled in the art will be able to for- 
mulate a variety of stent coating formulations. 

Example 1 

[0037] An absorbable elastomer based on 45:55 mole percent copolymer of e-caprolactone and glycolide with an 
IV of 1.58 (0.1 g/dl in hexafluoroisopropanol[HFIP] at 25°C) was dissolved five percent (5%) by weight in acetone and 
separately fifteen percent (15%) by weight in 1 , 1 ,2-trichloroethane. The synthesis of the elastomer is described in U 
S. Patent 5,468,253 incorporated herein by reference. Gentle heating can be used to increase the dissolution rate 
The high concentration coating could be formulated with or without pharmaceutical agent present An initial primer coat 
of only the polymer is put on Cordis P-S 1 53 stent (commercially available from Cordis, a Johnson & Johnson Company) 
by dip coating in the five percent (5%) solution while the stent is placed on a 0.032 inch (0.81mm) diameter mandrel 
The mandrel, with the stent on it, is removed from the dip bath and before the coating has a chance to dry the stent is 
moved along the length on the mandrel in one direction. This wiping motion applies high shear to the coating trapped 
between the stent and the mandrel. The high shear rate forces the coating out through the slots cut into the tube from 
which the stent is formed. This wiping action serves to force the coating out of the slots and keeps them clear The 
primed stent" is allowed to air dry at room temperature. The prime coat is about 100 micrograms of coating After 1-2 
hours of air drying, the stent is remounted on a 0.0355 inch (0.9mm) clean mandrel and dipped into a second con- 
centrated coat solution. This can be drug free or can contain about six percent (6%) by weight drug in addition to about 
fifteen percent (15%) polymer by weight in the coating solution. The dip and wipe process is repeated The final coated 
stent is air dried for 1 2 hours and then put in a 60°C vacuum oven (at 30 in Hg vacuum) for 24 hours to dry. This method 
provides a coated stent with about 270 micrograms of polymer and about 180 micrograms of drug 



Example 2 



[0038] This example describes experiments that demonstrate the ability of the dip and wipe coating approach to 
incorporate a bioactrve agent in the coating and that the bioactive agent retains its biological activity. An initial primer 
coat of only the polymer described in Example 1 was placed on Cordis P-S 1 53 stent by dip coating in the five percent 
(5%) solut.on by weight while the stent is placed on a 0.032 inch (0.81 mm) diameter mandrel. And primed as described 
in Example 1 . The coated stent was then coated a second time with a coating solution of polymer and drug The coated 
stent was dipped and wipe coated using the mandrel and a high concentration drug-polymer (15% polymer, 1 100 
drug: polymer, and 2000 U/ml heparin-benzalkonium chloride [HBAC]; all in 70/30 acetone/DMSO) solution by the 
method described in Example 1 . The HBAC coated stents had a total coating weight of about 350 micrograms Coated 
stents were sent to North American Science Assocites Inc. (Northwood, Ohio USA) for a standard rabbit whole blood 
clotting time assay. The assay was performed by placing the stents on the surface of the Tryptic Soy Agar (TSA) plate 
along with a negative control sample (glass tubing) and a positive control (HBAC coated glass tubing) The 15 X 150 
mm TSA plate was flooded with 35 ml of whole rabbit blood, obtained by arterial draw of a euthanized rabbit The test 
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plate was incubated in ambient room temp. For 20-40 minutes. Foilowing the incubation P eri ^^^ 
removed irom the thrombus formed in the plate using forceps. The test and control sections were observedfor evdence 

of adherence to the thrombus formation upon removal. , orm „^ „ ntrnlK 

[0039] The heparinized stents were proven to be nonthrombogenic as compared with the non-hepar,nized controls. 

Example 3 

[0040] This example descrbes experiments thai demonstrate the ability of the dip and wipe citing 

provide coated stent with high coating loading and no bridging of the slots .n the stent. A Cords P^»*»» w ^ 

taken and dip coated into a five percent (5%) solution of the elastomer*: 45:K mote percant o. « a P~ e ^ 

alvcolide copolymer (IV= 1 58) described in Example 1 . The stent was removed and allow to air dry for 1-2 hours at 

r^mempe^S 

wTdry coating film (Figure 5). A second Cordis P-S 1 53 was dipped and wipe coated with the coating solut on , con , 
tainlngfitteen percent (15%) polymer as described in Example 1 . The stent was found to have state free of coating aid 
to t e toaded with 300 micrograms of coating. Similar experiments were performed with the Cordis Crown™ stent, the 
Sam™ 

a.ldws high concentration coatings to provide high coating buitd on a variety of stents wittou, the adverse effect of 
bridging the slots. 

Example 4 

[0041] This example demonstrates the differential solubility of elastomeric e-caprolactone and glycolide copolymers 
^elastomer* t -c£rola^^ 

^45/55 IV-1 5 Tm ~62°C) were placed in a flat bottom glass vial along with 4 grams of ethyl acetate. These were 
heated to^about 50°C on a ho, plate with stirring bar over night The result was partial solution with clear polymer on 
the walls and a cloudy solution a. 50°C but the polymer precipitated ou, and coated the walls of ^wttenthe 
emperature came back to room temperature (-25°C), Similarly, 0.2 g of e-caprolactone and lactide oopotymer (40/60 
V-1 5 Tm - 1 32-C) were placed in a flat bottom glass vial with 4 g of ethyl acetate made ,n a manner sim.lar to that 
described in Example 11 . These were heated to about 50'C on a hot plate with stirring bar over n.ght. The particles 
£ swel^and then went into solution. On cooling to room temperature the so.ution remained clear and unrform. 

Example 5 

P^slLts Se cS from a 5% w/w 45:55 e-caprolactone and glycolide soiution as described in the example 1. 
The Si coTng^utted in - 100 micrograms of total solid on the stent. The stents were dried and then coated from 

of total solid and - 60 micrograms of drug on the stent. Stents were coated again from the ^ s ^ r ^' U '^ 
an increment of 30 micrograms (a total of 200 micrograms) of total solid and an increment of 20 
(a total of 80 micrograms) was observed. However when the dried stents were coated again with the same second 
solution total weight gain of the solid and the drug remain same. 

Example 6 

[0043] This Example describes apptying a top coating to a coated stent with an ultrasonic spraying^ * *iea 
[0044] A five percent by weight coating solution is made using 45:55 e-caprolactone and glycolide described in Ex- 
ample 1 in a solvent solution of TCE : Acetone (1:1, w/w) lmrM 
i] Theultrasonicsprayunitisoomposedo^ 
60-O5108)attached.oanozzle(model06^ 

The power at which the system was operated was is 5.8 mWatts. The flow rate was adjusted to about 0.3 ml/m,n. The 
uKrlsoI spray system was placed in a pfcstic bag containment system to elim^ate air currents and to ,*m , evapo- 
ratton Stents would be positioned 1 .5-5 cm distance from the nozzle and had a dwell time ,n the spray cloud of about 

JoO^^Teltent would then be dried in ambient conditions for 18-24 hours and subsequentfy vacuum dried at 60°C 
for 24 hours. Approximately, 100-150 micrograms of polymer was deposited per top coating run. A mandrel can be 
used to prevent coating the inside of the stent if desired. . 
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Example 7 

[0047] This Example describes the preparation of coated stents containing various levels of rapamycin for in vitro 
drug release testing. 

[0048] 0.06 gms of Rapamycin was dissolved into 0.8 gms of 15% CAP/GLY solution in 1 ,1 ,2 TCE. The resulting 
coating solution contained 33.3% w/w drug on a dry, solid-only basis. Stents were coated by the method described in 
Example 1 and the coated stents were designated as ' Std 33%'. 

[0049] 0.015 gms of Rapamycin was dissolved into 0.5 gms of 18% CAP/GLY solution in 1 ,1 ,2 TCE. The resulting 
coating solution contained 1 4.3% w/w drug on a dry, solid-only basis. Stents were coated by the method described in 
Example 1 and the coated stents were designated as '1 4%' 

[0050] 0.028 gms of rapamycin was dissolved into 0.5 gm of 18% CAP/GLY solution in 1 ,1 ,2 TCE. The resulting 
coating solution contained 23.7% w/w drug on a dry, solid-only basis. Stents were coated by the method described in 
Example 1. The dip-coated stents were spray coated with polymer-only solution as described in Example 6. The final 
coated stents were designated as '24-TC%' 

[0051] 0.028 gms of rapamycin was dissolved into 0.5 gm of 18% CAP/GLY solution in 1,1,2 TCE. The resulting 
coating solution contained 23.7% w/w drug on a dry, solid-only basis. Stents were coated by the method described in 
Example 1 . The dip-coated stents were spray coated with polymer-only solution as described in Example 6; However, 
a total volume of 200 microliters of spray solution was used in this case. The final coated stents were designated as 
•24- Thick TC%' 

[0052] 0.06 gms of rapamycin was dissolved into 0.8 gm of 15% CAP/GLY solution in 1,1,2 TCE. The resulting 
coating solution contained 33.3% w/w drug on a dry, solid-only basis. Stents were coated by the method described in 
Example 1 . The dip-coated stents were spray coated twice with e-caprolactone-co-lactide (Cap/Lac) solution as de- 
scribed in Example 4. The final coated stents were designated as '33-TC%\ 

[0053] 0.06 gms of rapamycin was dissolved into 0.8 gm of 15% CAP/LAC solution in 1,1,2 TCE. The resulting 
coating solution contained 33.3% w/w drug on a dry, solid-only basis. Stents were coated by the method described in 
example 1 . The dip-coated stents were spray coated twice with polymer-only solution as described in Example 6 (except 
e-caprolactone-co-lactide was used as the copolymer). The final coated stents were designated as '33-C/L TC%\ 

Example 8 

[0054] This example describes the results of testing the in vtodrug release of rapamycin from coated stent. Coated 
stents were prepared as described in Example 7 with varying concentrations of rapamycin were tested for the in vitro 
release of rapamycin into an aqueous ethanol solution. As is indicated in Figure 7, the stents denoted by the diamonds 
had a primer coating and a base coating that contained rapamycin. The total weight of the coating and rapamycin on 
the each stent was approximately 450 \ig and contained 33 percent by weight of rapamycin. The coating was a copol- 
ymer of e-caprolactone-co-glycolide (45:55 mole percent) applied by dip coating. The squares represent data points 
for stents having a primer coating and a base coating containing rapamycin. The total weight of the coating and drug 
was approximately 450 u.g, which contained 1 4 percent by weight rapamycin. The coating material was also a copolymer 
of e-caprolactone-co-glycolide (45:55 mole percent) applied by dip coating. The triangles represent data points for 
stents that had a primer coating and a base coating containing rapamycin. A primer coating and base coating (e- 
caprolactone-co-glycoiide 45:55 mole percent) were applied by dip coating the stent. A top coat of 200 u,g (e-caprol- 
actone-co-glycolide 45:55 mole percent) was then applied using an ultrasonic spray device. The total weight of the 
coating and rapamycin was 650-700 u.g, which contained 24 percent by weight rapamycin. The Xs represent data 
points for stents that had a primer coat and a base coating containing rapamycin. The primer coating and base coating 
(e-caprolactone-co-glycolide 45:55 mole percent) were applied by dip coating the stent. A top coat of 1 00 u.g (e-capro- 
lactone-co-glycotide 45:55 mole percent) was then applied using an ultrasonic spray device. The total weight of the 
coating and rapamycin was 550-600 u.g, which contained 24 percent by weight rapamycin. The asterisk represents 
data points for stents that was coated with a primer, a base coat and two top coats. The primer coating and base coating 
(e-caprolactone-co-glycolide 45:55 mole percent) were applied by dip coating the stents. A top coat of 100 \ig (e- 
caprolactone-co-glycolide; 45:55 mole percent) was then applied using an ultrasonic spray device. The total weight of 
the coating and rapamycin was approximately 550 u.g, which contained 33 percent by weight rapamycin. The circles 
represent data points for stents that were dip coated with e-caprolactone-co-lactide (40:60 mole percent). The stents 
were then top coated with an ultrasonic spray with approximately 100 ug of e-caprolactone-co-lactide. The total coating 
weighed about 550 u.g and contained 33 percent by weight rapamycin. 

[0055] Each stent was placed in a 2.5mL of release medium (aqueous ethanol; 15 percent by volume at room tem- 
perature) contained in a 13 X 100 mm culture tube. The tube was shaken in a water bath (INNOVA™ 3100; New 
Brunswick Scientific) at 200 rpm while maintaining ambient conditions. After a given time interval (ranging from!5 min- 
utes to one day) the tubes were removed from the shaker and the respective stents carefully transferred to a fresh 2.5 
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ml Aliquot of release medium. The new tube was placed on the shaker and agitation resumed. A sample was removed 
Tom the a.iquot, which had previously contained the stent and placed in a HPLC via. .or determination of the rapamycin 

IhTSLC system used to anaVze the samples was a Waters Alliance with a PDA 996. This ^system is 
s equipped with a photodiode array detector. 20pL of each sample was wfthdrawn and analyzed on a Cl ^reverse phase 
column (Waters Symmetry- Column: 4.6mm X 10 Omm RP 1S 3.5 pm w*h a matching guard 
phase consisthgolacetonitrile/methanoUwater (38:34:28 v/v) delivered at a flow rate ^^Z^TZZ 
maintained a. 60°C through the analysis. Under these analytical conditions rapamycn had a retention M»U» 
0 1 mites The concentration was determined from a standard curve of concentrate versus response (area-under 
w the curve) generated from rapamycin standards in the range of from 50ng/mL to 50pg/mL. 
[0057] The results from testing the coated stents described above is shown in Figure 7. 

Example 9 

is [00S8] The goal of this study was to assess the rate of release of rapamycin from polymer-coated stents Wrod"ced 
nXointothecoronary arteries of Yorkshire pigs. At various times after introduction of stents, the pigs were eu^ 
Lnd me coronary arteries removed, the stents dissected free o, the artery and analysed for rapamyc, , cedent usmg 
fading assay previously described. Through comparison with the amount of rapamycin contained on control, non- 
implanted stems, the in vivo rate ol rapamycin release from the polymer coatings could be determmed. 

20 

Experimental Procedure: 

r00591 Male Yorkshire pigs weighing were used for these experiments. Animals were anesthetized with xylazine (2 
nX^e«arnine<17^ 

2S and placed on flow-by oxygen with 1 -2.5% volatile isoflurane for maintenance anesthesia via the endotracheal tube 
PeripEntravenoJs access was achieved by insertion of a 20 gauge Angbcath into a 20 

oauae arterial catheter was also placed in the ear for continuous blood pressure and heart rale monitoring. 
[0060] Tomintmize the chance for clot formation at the stent site, animals were started on oral asp.nn 325 mg per 
decree ^daysTL to theplanned procedure. Ur *>n confirmation of adequate dep^ 

30 region was shaved and s Jilted, and sterilely draped. Aseptic technique was used throughout the remaster of he 
procedure. A linear incision parallel to the femora, vessels was made and the subcujaneous tissues drafted o the 
level of the artery After adequate exposure, the femoral artery was isolated prox.mally wrth umbiUcal tape and d.stally 
w 3 5 « .or hemostasia. Using surgical scissors, an arteriotomy was rt.de, and an 8 F"**""-"^ 
artery. Heparin 4,000 units and bretylium 75 mg were then administered mtravenously after sheath insertion. Electro- 

35 eardiooram resoiratory pattern, and hemodynamics were continuously monitored. 

Eeupon left coronary cineangiography was performed. A single frame anteropostenor radogram ^eveloped, 
^nd the luminal diameters of the left anterior descending and circumflex arteries measured, n order t s*e the balk»n- 
s?en assembly for a prespecified balloon-to-artery ratio of approximately 1.1-1 .2:1 . Using guide catheter support ^nd 
40 fluoroscopic guidance, a 0.014' guidewire was advanced into the lumen of the left anterior descending artery. Intrac- 
ZS« performed by advancing a stent mounted on a conventional angioplasty balloon nto position -n 
°he Sriion* the left anterior descending artery. The stent was deployed by inflating the mounting Mto , to j8 
atmospheres for 30 seconds. Upon confirmation of vessel patency, the balloon and guidewire were removed from the 

45 of stent delivery in the left circumflex artery, the balloon and guidewire were withdrawn. 

foS ^e guiding catheter and femora, arterial sheath were then removed, me femora, artery tied proximal^ , wrth 

T silk suture forhemostasis and the inguinal incision was closed. After discontinuation of anesmesia, were returned 

to cotonv housing. Daily aspirin 325 mg was continued until euthanasia. 

Atvarioustim^afterstentimplantation, euthanasia wasperformedby overdose of pen^ 

so He chest 2 opened via a mid-sternal inciston and me heart removed. Both me LAD and LCX were caref uBy 

dissected free of sunounding tissue. The stent was then dissected free of me arteria. tissue and placed .n a vial. The 

arterial tissue was frozen and stored for later analysis by HPLC. 

[S RgureTIstrates a typical in vivo release curve for a stent coating consisting of 33% rapamycn tn polye- 
aprolactone-co-glycolide. 



Example 10 

[0065] This Example describes the in vivo testing of coated stents in a porcine coronary artery model. 



■i r\ 
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[0066] This preliminary study was conducted to assess the ability of rapamycin released from e^caprolactone^co- 
glyrci»do copojymcr-ccwted stents to inhibit intimal hyperplasia in vivo. Fourteen days after receiving ra pa myc in-loaded 
or control polymer coaled stents, the male Yorkshire pigs were euthanized and the coronary arteries removed, the 
vessels D«ep*» cd lor histological evaluation and analysed for the amount of intimal growth. Through comparison control 
mcui stonts md stents containing polymer only, the in vivo ability of rapamycin to prevent neointimal growth could be 

deter rntnee 

[0067| l thyicnc oxide-stenlized Palmaz-Schatz stents were implanted under sterile conditions in anesthetized farm 
pirjs Acjf.riq 38 to 46 kg. Twenty-four hours prior to stent implantation, animals were given aspirin (325 mg, p.o., qd) 
and tick:conc (250 mg. p.o.. qd) to control chronic thrombosis; both aspirin and ticlopidine were continued daily until 
s^cr.-cc Anesthesia was induced with ketamine (20 mg/kg : i.m.), xylazine (2 mg/kg, Lm.) and sodium pentobarbital 
(10 m:, i-j .1', needed) and maintained on 1-2% isofluorane in oxygen. An 8 Fr sheath was placed in an asceptically 
■sowed «ef: carotid artery and used subsequently to conduct either an 8 Fr JL 3.5 guide catheter for coronary angiog- 
raphy o» ic ptice a 0 014 inch guidewire for balloon delivery of stents to the appropriate coronary arteries. Heparin 
(150 unt ^. wrts administered mtraprocedu rally to prevent acute thrombosis. Four experimental groups were em- 
ployed 1 . mot„i stent control. 2) metal stent coated with 45/55 (w/w) e-caprolactone glycolide copolymer (CAP/GLY); 
3) 32 m » ^.myem/stent lormuiated in CAP/GLY; 4) 166 u.g rapamycin/stent formulated in CAP/GLY. Stents were 
deployed «n t»th the LAD and LCX coronary arteries. Angiography was performed prior to, during, and immediately 
alter stcnt.ng to toth size the vessel for choice of balloon diameter (3.0, 3.5 or 4.0 mm) and to obtain measurements 
for dctcim»n^t on of ihe balloon/artery ratio. Stents were deployed by inflating the delivery balloon to 8-10 ATM for 30 
sec. Angiography was also performed at 14 days post-implantation to obtain final vessel diameter. Treatment groups 
weie landumi/odand individual stents were implanted by an investigator who was blindedas to the treatment. However, 
only one if cement was employed in any given pig. Fourteen days after implantation, animals were killed, the vessels 
were perfusion lixed for 10 minutes at 100 mmHg with 10% formalin and then stored in 10% buffered formalin. 
[0068] For hisiological assessment, the stented vessel was embedded in glycol methacrylate. Four 3 - 5 urn thick 
cross scciionc u.kcn at equal intervals along the length of the stent were placed on glass slides and prepared with 
Miller's Elastm slam. Histomorphometric measurements were determined in each section via microscopy and compu- 
terized imago analysis. Individual values obtained for each vessel represent the average of the 4 measured sections. 
Differences between treatments were assessed by ANOVA and Dunnett's test. 



Table 1. 





Histology 


Angiography 


Treatment 


Intima/Med ia 
ratio 


Intimal Area 
(mm 2 ) 


% Diameter 
Stenosis 


B/A Ratio 


Metal Control (n=l0) 


0.90 ±0.05 


3.65 ± 0.82 


24.8 ±3.9 1 


1.27 ±0.05 


CAP/GLY (n=8) 


0.91 ±0.11 


4.15 ±0.23 


38.0 ±4.0 


1.32 ±0.04 


CAP/GLY ± 32 pg rapamycin 
(n=10) 


0.75 ±0.04 


3.27 ± + 0.16 


21.6±3.6 1 


1.23 ±0.03 


CAP/GLY± I66ugrapamyctn 
(n=8) 


0.65 ±0.041 .2 


2.87 ±0.31 


23.9 ±2.3! 


1.27 ±0.05 



1 p<0.05 from CAP/GLY 
2 p<0.05 from Metal Control 



All values are mean±sem. B/A ratio = balloon to artery ratio, an index of the consistency of stent expansion from group 
to group 

[0069] As can be seen in Table 1, local delivery of rapamycin to injured coronary arteries resulted in a significant 
(p<0.05) reduction in intima:media ratio in the 166 ug treatment group and a small but non-significant reduction in the 
32 u.g treatment group when compared with the polymer and bare metal control groups. Rapamycin delivered from the 
GAP/GLY coating also resulted in non-significant dose-related decreases in neointimal area in both the 32 u.g and 166 
u.g treatment groups. The percent diameter stenosis as assessed by angiography was also significantly reduced in the 
2 rapamycin treatment groups when compared to the CAP/GLY group, although the reduction in this parameter from 
the metal control was small and non-significant. Never-the-less, in this preliminary 14 day study, these data suggest 
that local release of rapamycin from a biodegradable hydrophobic polymer coating may be capable of limiting the 
amount of neointimal proliferation which occurs as a result of stent deployment. 
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Example 11 

T0O701 In the glove box. 100 pL (33 pmol) ol a 0.33 M stannous octoate solution in toluene, 115 uL (1.2 mmol) of 
dSene gTycot^ 6 grams (170 mmol) of L-lactide. and 45.7 grams (400 mmol) of e-caprolact one were .trans ferred 
into s silanfzed flame dried two neck, 250 mL round bottom flask equipped with a sta.nless steel mechanical stir er 
SanSeSasZniereactia,^^ 

fn the glove box, 62.0 grams (430 mmol) L-lactide were transferred into a flame dried, pressure equahzing add hon 
unnel The funnel was wrapped with heat tape and attached to the second neck of the react,on flask. After 6 hours a 
1 go" C the molten Hactide was added to the reaction flask over 5 minutes. The reaction was continued overmghl t for 
1 ll'S to d 24 hours at 190-C. The reaction was allowed to cool to room temperature overnight. The 
copper was isolated 'om the reaction flask by freezing in liquid nitrogen and breaking the glass Any remaining 
Smoments were removed from the copolymer using a bench grinder. The copolymer was again frozen with quid 
S^SS^^mechanlcal stirring paddle. The copolymer was ground into a tared glass pr using a WHey 

T^S^Te £ Sad aluminum pan and then devolitilized under vacuum a. 110'C for 54 hour, 98.7 
grams (95.7% by weight) of copolymer were recovered after devolitilization. 
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Claims 

1 . A method for coating a stent having an outer surface and inner surface with passages between the outer and inner 
surfaces comprising: 

(a) contacting the stent with a liquid coating solution containing a film forming bkx=ornpatible polymer ^under 
IJnditions suitable to alkow the film forming biocompatible polymer to coat at least one surface , of ^ star* 

(b) before the coating solution dries creating fluid movement out of the passages of the stent sufficient to 
prevent the film forming biocompatible polymer from substantially blocking said passages thereafter, 

(c) drying the stent to provide at least a partially coated stent with a first coating. 

The method of claim 1 wherein the stent is contacted with the coating solution by dipping the stent into the coating 
solution or by spraying the coating solution on to the stent. 

Themethod of claim lor claim 2 wherein fluid movement is created: by contacting a man*elwtth the inner surtace 
^semand moving the mandrel relatrve to the stent to prevent bridges from forming in sa,d passages; or by 
^tg the omer surface o, the stent witt, the inner surface of a tube and moving the tube relate to the stent 
to prevent bridges from forming in said passages. 

4 Themethodof any of claims 1 to 3 wherein the film forming biocompatible polymer is ani alipha tic P°^ter, apoly 
tatoactt a copoly(ether-ester), a poryalkylene oxalate, a polyamide. a poly(im.nocarbonate), a polyorthoester, 

a^JoxaSe^ 

a biomolecule or a blend thereof. 

5. The method of claim 4 wherein the film forming po^mer is a biocompatible aliphatic popster, which is preferably 



3. 



elastomeric. 

6 The method of claim 5 wherein the biocompatible aliphatic polyester is an ^f^^^T^^l 
and glycolide, an elastomer* copolymer of e-caprolactone and lactide, an elastomeric coporyme of P^'^one 
andfacWe, an elastomeric copolymer of e-caprolac.one and p-dioxanone. an elas.o^er,c copolymer of p-d,ox- 
anone and trimethylene carbonate, an elastomeric copolymer of trimethylene carbonate and glycohde, an elasto- 
meric copolymer of trimethylene carbonate and lactide or blend thereof. 

7. The method of any one of claims 1 to6 wherein additionally contained in the coating solution is a pharmaceutical* 
active compound. 



55 8. 



The method of claim 7 wherein the pharmaceutical* active compound is: an anhproW era ive/ant .imrto ^9** •« 
antibioticanenzyme;anantiprolHerative/ant^^ 

aton^one an an.icoaglant a fibrinolytic agent; an antiplatelet agent; an antimigratory a gen,. 

agenf an antiinflammatory agent; an immunosuppressive agent; an angiogenic agent;an,tr,cox,dedonor,anan.i- 
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sense oligonucleotide or a combination thereof, and is preferably rapamycin. 

The method of any one of claims 1 to 8, wherein additionally present is a biocompatble hydrophilic polymer. 
The method of any one of claims 1 to 9 wherein after the stent is dried a second coating is applied. 
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(54) Process for coating stents 

(57) A process is provided for coating stents having 
a first and second surface with passages there between 
to avoid blockage and bridging of the passages. The 
process comprises contacting the stent with a liquid 
coating solution containing a film forming biocompatible 



polymer under conditions suitable to allow the film form- 
ing biocompatible polymer to coat at least one surface 
of the stent while maintaining a fluid flow through said 
passages sufficient prevent the film forming biocompat- 
ible polymer from substantially blocking said passages. 
Also described are stents coated by this process. 



CO 
< 



1^ 

o 

CD 
O 

Q. 

LU 



EP0 970 711 A3 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 99 30 5134 



nonilMFNTS CONSIDERED TO BE RELEVANT 




Category 


Citation of document with indication, where appropriate, 
of relevant passages 


Relevant 
to claim 


CLASSIFICATION OF THE 
APPLICATION (lntCI.7) 


x 


WO 97 37617 A (JAYARAMAN SWAMINATHAN) 
16 October 1997 (1997-10-16) 

* abstract * 

* page 10 - page 11 * 

* page 13 * 

* page 15 * 

* page 16 * 

* page 18; claims * 


L-6,9,10 


A61L31/16 
A61L31/14 
A61L31/10 
A61L33/16 
A61L33/14 
A61L33/10 


A 


WO 97 10011 A (SCHNEIDER USA INC) 
20 March 1997 (1997-03-20) 

* page 3, line 19-26 * 

* page 6, line 6-20 * 

* page 7, line 5-11 * 

* page 17, line 1-9 * 

* page 21, line 2-8 * 


1,2,7,8 




A 


US 5 534 287 A (LUKIC GORAN) 
9 July 1996 (1996-07-09) 

* column 1, line 10-22 * 

* column 2 * 

* column 3, line 42 - column 4, line 39 * 

US 5 700 583 A (OAMIOLKOWSKI DENNIS D ET 
AL) 23 December 1997 (1997-12-23) 

* abstract * 

* column 2, line 13-20 * 

* column 7 - column 9 * 


1-3 








TECHNICAL FIELDS 
SEARCHED (IrtLCl.T) 


A,D 


1,2,4-9 


A61L 


A 


EP 0 832 655 A (SCHNEIDER USA INC) 
1 April 1998 (1998-04-01) 

* abstract * 

* page 1, line 24-33 * 

* page 4, line 19-34,58 * 

* column 5, line 1,37-42 * 

* column 6, line 39-45 * 

* column 7, line 1-13 * 

* column 10, line 48-56 * 


1,2,7-10 




The present search report has been drawn up for aD claims 

Otto oi compWrt.cn erf the sasrch 







THE HAGUE 



15 November 2000 



Bohm, I 



CATEGORY OF CITED DOCUMENTS 

pari tu tarty relevant If taken atone 
particularly relevant it comDmod with another 
document of the same category 
technological background 
: fwn-written disclosure 



T : theory or prinripte underlying Ihe invention 
£ : earner patera document, out published on. or 

after the fiing date 
D : document cited in me application 
L : document cfted lor other reasons 



& : member of 
document 



Ihe same patent family, corresponding 



EP0 970 711 A3 



ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPLICATION NO. 



EP 99 30 5134 



This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report. 
The members are as contained m the European Patent Office EDP file on 

1 he huropean Patent Ottice is in no way liable for these particulars which are merely given for the purpose of information. 

15-11-2000 



Pateni document 




Publication 




Patent family 


Publication 


dted in search report 




date 




member(s) 


date 




A 


16-10-1997 






iu-uj-iyyo 






US 


5713949 A 


03-02-1998 






AU 


2728097 A 


29-10-1997 






CA 


2250954 A 


16-10-1997 






EP 


1006938 A 


14-06-2000 






US 


5755781 A 


26-05-1998 






US 


5895407 A 


20-04-1999 






US 


5922393 A 


13-07-1999 


WO 9710011 


A 


20-03-1997 


US 


5837313 A 


17-11-1998 






AU 


703805 B 


01-04-1999 






AU 


6965296 A 


01-04-1997 






BR 


9610607 A 


04-05-1999 






EP 


1019107 A 


19-07-2000 






or 


ncnnnyi7 t 
11DUUU4/ 1 


nc n i i non 

uo-ui-iyyy 






NO 


981066 A 


08-05-1998 






US 


6120536 A 


19-09-2000 


US 5534287 


A 


09-07-1996 


EP 


0621015 A 


26-10-1994 






AT 


164056 T 


15-04-1998 






CA 


2114891 A,C 


24-10-1994 






CA 


2205533 A 


24-10-1994 






CA 


2206709 A 


24-10-1994 






CA 


2206712 A 


24-10-1994 






CA 


2255476 A 


24-10-1994 






DE 


69317548 D 


23-04-1998 






DE 


69317548 T 


13-08-1998 






DK 


621015 T 


21-12-1998 






ES 


2114964 T 


16-06-1998 






JP 


2914420 B 


28-06-1999 






JP 


7000529 A 


06-01-1995 


US 5700583 


A 


23-12-1997 


US 


5648088 A 


15-07-1997 






US 


5595751 A 


21-01-1997 






US 


5464929 A 


07-11-1995 






EP 


0841361 A 


13-05-1998 






JP 


10158377 A 


16-06-1998 






US 


5844017 A 


01-12-1998 






AU 


720550 B 


01-06-2000 






AU 


7053496 A 


15-05-1997 






CA 


2189520 A 


07-05-1997 






EP 


0771832 A 


07-05-1997 






JP 


9194579 A 


29-07-1997 






US 


5620698 A 


15-04-1997 






EP 


0771849 A 


07-05-1997 






US 


5607687 A 


04-03-1997 



i For more details about this annex : see Official Journal of the European Patent Office, No. 12/82 



3 



EP 0 970 711 A3 



ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPLICATION NO. 



EP 99 30 5134 



This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report. 
The members are as contained in the European Patent Office EDP fite on 

The European Patent Office is in no way liable for these particulars which are merely given for the purpose ol information. 

15-11-2000 



Patent document 
cited in search report 



Patent family 
member(s) 



US 5700583 



US 
AU 
AU 
BR 
CA 
EP 
JP 
US 
US 
US 
US 
US 

us 



5618552 A 
712863 B 
4569796 A 
9600893 
2170941 
0731123 
8333443 
6100346 
5597579 
5645850 
5698213 
5962023 
5859150 



EP 0832655 



01-04-1998 



US 
CA 
JP 

us 



6120536 A 

2207659 A 

10052502 A 

6099562 A 



08-04-1997 

18- 11-1999 

19- 09-1996 
30-12-1997 

07- 09-1996 

11- 09-1996 
17-12-1996 

08- 08-2000 
28-01-1997 
08-07-1997 
16-12-1997 
05-10-1999 

12- 01-1999 



19-09-2000 
13-12-1997 
24-02-1998 
08-08-2000 



2 



£b For more details about this annex : see Official Journal of the European Patent Office. No. 12/82 



